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Superconductivity in BaPtSb with the SrPtSb-type structure (space group P6¯m2, D1
3h
, No. 187) is reported. The struc-
ture consists of a PtSb ordered honeycomb network that stacks along the c-axis so that spatial inversion symmetry is
broken globally. Electrical resistivity and specific-heat measurements revealed that the compound exhibited supercon-
ductivity at 1.64 K. The noncentrosymmetric structure and the strong spin-orbit coupling of Pt and Sb make BaPtSb an
attractive compound for studying the exotic superconductivity predicted for a honeycomb network.
Superconductors with honeycomb networks have attracted
considerable interest since the theoretical predictions of ex-
otic superconductivity in SrPtAs.1–8) The compound SrPtAs
exhibits superconductivity at 2.4 K,9) and crystallizes in the
KZnAs-type structure (P63/mmc, D
4
6h
, No. 194). This struc-
ture is a ternary ordered variant of the AlB2-type structure.
The Sr occupies the Al site, and the Pt and As atoms alter-
nately occupy the B site of the honeycomb layers, thus form-
ing a PtAs ordered honeycomb network. The honeycomb lay-
ers are stacked along the c-axis in such a manner that there is
an As atom above each Pt, and vice versa, over every As and
Pt atom, as shown in Fig. 1(a). Hence, the structure is glob-
ally centrosymmetric, although the spatial inversion symme-
try is locally broken in the PtAs honeycomb network. Possible
superconducting states theoretically predicted for SrPtAs in-
clude a singlet-triplet mixed state,2) a chiral d-wave state,3)
and an f -wave state.4)
The above-mentioned predictions have been examined ex-
perimentally. µSR measurements reported the breaking of
time-reversal symmetry in the superconducting state, suggest-
ing the chiral d-wave superconductivity as the most likely
pairing state,10) whereas the NMR/NQR11) and the magnetic
penetration depth12) measurements suggested a conventional
s-wave pairing state. Another NQR measurement showed the
absence of a Hebel-Slichter coherence peak and suggested
two-gap superconductivity.13) In order to settle this contro-
versy, novel compounds with honeycomb networks should be
developed and examined both experimentally and theoreti-
cally.
In this letter, we report the emergence of superconductiv-
ity at 1.64 K in BaPtSb with a PtSb ordered honeycomb net-
work. The compound crystallizes in the SrPtSb-type struc-
ture (P6¯m2, D1
3h
, No. 187), as reported by G. Wenski and A.
Mewis in Ref. 14. This structure is another ternary ordered
variant of the AlB2-type structure: As shown in Fig. 1(b),
the structure is composed of alternate stacking of Ba and or-
dered PtSb honeycomb layers, which are stacked along the
c-direction in such a way that there is a Pt(Sb) atom above
each Pt(Sb). Thus, the spatial inversion symmetry is glob-
ally broken for BaPtSb, in contrast with SrPtAs, although the
structure is neither polar nor chiral because of the presence
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Fig. 1. (Color online) Crystal structures of (a) SrPtAs with a KZnAs-type
structure (P63/mmc, D
4
6h
, No. 194) and (b) BaPtSb with a SrPtSb-type struc-
ture (P6¯m2, D1
3h
, No. 187).
of mirror symmetries. The noncentrosymmetric structure, the
strong spin-orbit coupling of both Pt and Sb, and the hon-
eycomb network make BaPtSb a unique compound to exam-
ine whether the exotic superconductivity predicted for honey-
comb networks is realized.
Single crystals of BaPtSb were synthesized by heating a
mixture of Ba, Pt, and Sb powders with a ratio of Ba:Pt:Sb =
1.5:1:1.2. The mixture was placed in an alumina crucible and
sealed in a quartz tube under partial Ar pressure to minimize
evaporation of Ba and Sb during the reaction. The powders
were heated to 1150 ◦C, and cooled to 1100 ◦C at a rate of
2.08 ◦C/h, followed by furnace cooling. The typical dimen-
sions of the crystals were 0.2–0.5 × 0.2–0.5 × 0.2–0.5 mm3.
The obtained samples were characterized by powder X-ray
diffraction using a Rigaku MiniFlex600 X-ray diffractome-
ter with CuKα, and the samples were confirmed to have a
SrPtSb-type structure.14) The specific heat C was measured
using the Physical Property Measurement System (PPMS) by
Quantum Design. The measurements of electrical resistivity
ρ were carried out using the Adiabatic Demagnetization Re-
frigerator (ADR) option of the PPMS.
The emergence of bulk superconductivity was observed in
the temperature dependence of the specific heatC for BaPtSb.
As shown in Fig. 2(a), the electronic specific heat Ce exhib-
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Fig. 2. (Color online) Temperature dependence of (a) the electronic spe-
cific heat divided by temperature, Ce/T , and (b) the electrical resistivity ρ for
BaPtSb. The solid curve shown in (a) denotes the Ce/T vs T plot calculated
on the basis of the weak coupling BCS approximation.15) The inset of (a)
shows the C/T vs. T 2 plot. The solid line denotes the fit by C/T = γ + βT 2,
where γ is the electronic specific-heat coefficient and β is a constant cor-
responding to the Debye phonon contributions. The inset of (b) shows the
electrical resistivity in a wide temperature range.
ited a clear jump, which is a hallmark of bulk superconduc-
tivity. The assumption of an ideal jump at the superconduct-
ing transition to satisfy the entropy conservation yielded esti-
mates of Tc = 1.64 K and ∆C/Tc = 9.80 mJ/K
2mol. As shown
in the inset of Fig. 2(a), the normal-state data could be fit-
ted by C/T = γ + βT 2, where γ is an electronic specific
heat coefficient and β is the coefficient of phonon contribu-
tion from which the Debye temperature ΘD is estimated. The
analysis yielded γ = 6.86 mJ/K2mol and ΘD = 186 K. Using
this γ value, we estimated the normalized jump ∆C/γTc to
be 1.43, which is comparable to the value expected from the
BCS weak-coupling limit (1.43). These values can be com-
pared with γ = 7.31 mJ/K2mol, ΘD = 241 K, and ∆C/γTc =
1.07 for SrPtAs.16) The γ value of BaPtSb was found to be
comparable to that of SrPtAs, although the Tc of BaPtSb was
significantly lower than that of SrPtAs. On the other hand,
the smaller ΘD of BaPtSb compared with SrPtAs may be at-
tributed to the difference in the atomic mass.
The emergence of superconductivity in BaPtSb was also
evidenced by the temperature dependence of electrical resis-
tivity, as shown in Fig. 2(b). The ρ value decreased with de-
creasing temperature and exhibited residual resistivity of 13
µΩcm, followed by a sharp drop below 1.6 K, characteristic
of a superconducting transition. The resistivity became negli-
gibly small below 1.58 K, which was consistent with the value
of Tc estimated from the temperature dependence of specific
heat. The non-saturating behavior of ρ at high temperatures,
as shown in the inset to Fig. 2(b), suggested weak coupling
between electrons and phonon.
SrAlGe and BaAlGe have been known to crystallize in the
SrPtSb-type structure, which are isostructural to the present
BaPtSb compound, and exhibit superconductivity at rela-
tively high transition temperatures of 6.7 and 6.3 K, respec-
tively.17) These compounds can be viewed as “nine-electron”
systems, namely, nine valence electrons per formula unit.
Among them, six electrons occupy sp2 σ bonding orbitals,
which form the AlGe ordered honeycomb network, and two
electrons occupy the pz pi bonding orbital. The remaining
one electron partially occupies the pz pi
∗ anti-bonding or-
bital, which results in structural instability and therefore a
relatively high superconducting transition temperature in this
class of materials.17) On the other hand, the present BaPtSb
compound, as well as SrPtAs, is a “17-electron” system, and
obviously the simple picture of the sp2 honeycomb network
should not be valid. The one less electron, compared with a
completely occupied 18-electron count, should result in par-
tially occupied Pt 5d and Sb 5p orbitals, which are subjected
to strong spin-orbit coupling. Thus, BaPtSb and SrPtAs pro-
vide a unique playground for fundamental studies of spin-
orbit coupling phenomena in this class of superconductors
with broken and preserved spatial inversion symmetry.
In conclusion, the specific heat and electrical resistivity
measurements showed the emergence of superconductivity at
1.64 K in BaPtSb with the SrPtSb-type structure (P6¯m2, D1
3h
,
No. 187). In BaPtSb, spatial inversion symmetry is globally
broken, in contrast to SrPtAs. The compound should be a use-
ful platform for studying exotic superconductivity because of
the noncentrosymmetric structure, the strong spin-orbit cou-
pling of both Pt and Sb, and the honeycomb network.
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